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INTRODUCTION

On December 15th 1989, the firms of duTreil, Lundin & Rackley Inc., Hatfield & Dawson

Consutting Engineers, Inc., Lahm, Suffa & Cavett, Inc., Moffett, Larson & Johnson, Inc., and

Silliman & Silliman filed a P!titlon for Inguiry, requesting that the Commission open a general

inqUiry into the Commission's Rules regarding the performance verification of AM directional

antenna systems. The Commission adopted a Notice of Inguiry regarding this matter on June

14,1993.

Evidence has been ste8dIIy accumUlating leading toward the conclusion that the use of modern

analytical techniques allows the performance of medium wave directional antennas to be

predicted, established, and maintained without the elaborate methods that were necessary in the

past. As a result, a complete change in the philosophy of medium wave directional antenna

performance verification is appropriate.
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TtchnIcIf Ctwaeteri8tic8 of MtcIum W.. PklCtionai Antennas

and the prQ9aalllon Enytroomeot
It has been weH known since the 1930's that the behavior of the vertical monopdes generally

U88d as ~ta in directionaJ antenna arrays is not limply described. These effects and

measurement tectvllques to determine actual current distribution were described In 1937 by

George Brown. Techniques tor calculation were deYebped In the late 1940's by SCheIkunoff.

However, evidently for reasons of practical simplicity, the 1939 "Standards of Good Engineering

Practice,· which outlined the basic assumptions for directional antenna analysis assumed

sinusoidal current distribution, and this assumption has been carried forward to the present day.

The groundwave and skywave field strength calculations mandated by the Commission's rules

have'suffered from equally invalid simplifying assumptions. The circumstances of groundwave

field strength calculation are more straightforward than those of skywave field calculation, but In

both cases the assumptions of the 1930's should be examined critfcally. The basis for virtually

all methods in use for skywave field calculation are measurements of signal strength conducted

largely In the 1930's and 1940's. Although these measurements can no longer be replicated, due

to the worldwide Incr.... In medium wave emitters, researchers have used this data In attempts

to more precisely define anticipated skywave field strengths. The difficulty with this process is

that the basic underlying data is questionable since little or no effort has been made - if Indeed

such effort is now possible - to evaluate the total radiating characteristics of the individual

radiating sources used in the measurements. Indeed, in most cases the basic characteristics of

the radiating antennas and their surrounding environment are not a part of the data, and in some

cases they are not even known. As a result, the actual radiation for low vertical angles and

therefore long distance skywave fields is not known. The current distribution of the radiating

antennas is not a part of the data, and therefore the actual radiation of the antennas at higher

vertical angles is not known.

Skywave calculation methods frequently empfoy a range of pertinent vertical angles. The bais

for this appears to be related to measurements showing skywave fields which are inconsistent
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wIh lingle .-.gIe Iheory. • II rNIOn8bIe to .....,. a \WYtng height for the .necuv. ionOIpherIc

relection. However thiI type of analysis app8W'I to overlook entirely the departure of practical

radtatJng eIementa trom sinuaoid8I current dis1rIbution.

AnalysIs of the evident poor supresslon performance of medium wave directional antennas may

derive from oversimplified assumptions about vertical radiation characteristics. OCE TAR Report

1.2.7 attempts to provide an explanation of thla effect. This anaIy8ia Ie an exceUent one, but it

too appe.. to Ignore the non-einu1Oidal behavior of radiating elements.

The circumstances for groundwave analysis are somewhat better, but still suffer Inaccuracy due

to assumptions about uniform dielectric constant that make them questionable for circumstances

where there are large changes in the surface conditions along propagation paths. The February

1986 "Eckert" methods, as weD as those of Leslie Berry developed for NTIA, are very accurate

within their limitations, but when the curves they produce are used for graphieal analysis of

measured data to establish effective values of conductivity and radiating field, one is stili

attempting to solve a two-varlable problem with a single equation.

Measurements themeetves have never been simple, and they and their interpretation have grown

more dJffIcuIt as the measurement environment has grown more complicated. The profusion of

wires and metallic vertical scatterers that is characteristic of urban places has spread to Include

rural areas as weD. The distortion of the relationship between electric and magnetic field strength

hu been shown by C8u8ebrook, based on measurement data from a moderate sized British city.

As a consequence of the effect8 described by C8usebrook, the use of farfield magnetic field

measurements to show array behavior frequently results in error.

The presence of conducting objects sufficiently close to medium wave arrays to exhibit

substantial mutual coupAng produces profound distorting effects in the apparent radiation pettern

as measured along the ground. The traditlonaJ methods of array measurement and adlustment
frequently result in subetantiaJ "mistuning", to produce a horizontal plane pattern that can be

shown to be conaistent with the theoreticaf one, and contained within the so-called "standard

pattern" envelope. Modem analytical methods are, in fact, sometimes employed to produce this
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mietuning .-lei to juatIy Is horizonUll pI8ne meMUred delpile the fact that the effeds on

the vertIc8I radiation pattern. 88f)8CIaily the minima of the pattern, may result in profound

undesirable racUation.

In summary. the measurement environment. together with the uncertainty of many of the

requtrements for medium wave directional antenna perform8nce. leads to the conclusion that the

preunt methods of perform8nce vertftcation are InadequIIte and Inaccurate. The total medium

wave .atocaUon lllultlon would aImo8t swety beneIt from a Iituation where all &lTays were

adfusted to internally monitored models of their performance. rather than to uncertain external

measurements.

Specific Aulernaking Action Advised

A Notice of Proposed RutemakJng should contain the foHowlng proposed changes In the Rules:

An application for licensing of a new directional amenna system or for a revised license for an

existing directional antenna system should Include submission of an analytical study of the

anticipated antenna monitor values whk:h will result from proper operation of the array. This

analysis should be performed using moment method analysis or other justifiable numerical

modeling techniques. and should result in caJculated operating conditions which produce the

correct far field horizontal plane pattern. Suitable standards for the modeling process should be

deveJoped as a result of a NotIce of Proposed Ru!tmaking.

The monitoring system used should be constructed to very high standards. The antenna monitor

should meet the general requirements now used for so-called -critical arrays.- The sample

system AF cabling Interconnections should be stable low loss highly shielded coaxial cabfes.

MonItoring elements should be employed which detect the phase and amplitude of base

voltages. and current monitors at locations on the radiators should be required for towers above

a suitable minimum height. The performance verification report should contain a complete

sample system test plan report, inclUding measurements of the lengths of all sample lines. and

verifications of the specific phase and amplitude characteristics of each sample monitoring

eMKnent.
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No field strength measurements, and therefore no gr8phical analysis, maps or other data should

be required. Since no measurements should be required, no measurement analysis or

supporting documentation is required. Since the pettern characteristics for all allocation

purposes are provided by the Standard Pattern, no plotted pattern should be required.

Compliance with the limits of the Standard Pattern value should be assumed if the antenna

monitor ratio and phase values are within a specifted range from the predicted values. For

example, a tolerance of + 1.5 degrees and +2.5% sampte amplitude ratio from the anticipated

values for the antenna design may be appropriate. These values are 1/2 of the normal operating

tolerance for Nnon-crltical" antenna systems. The designation of antenna systems as so-called

Nerltical arrays" should be eliminated. This practice is especially unreasonable since it has been

based entirely on the complaint of allegedly aggrieved parties and not applied uniformly to all

proposals.

The Notice of Proposed Rutemaklng should revisit the performance requirements (as opposed

to the former specific equipment requirements) of the antenna sampling system rules. The

elimination of ftekj measurement as the primary performance evaluation tool will produce even

gr.ater dependence on the antenna array sampling system than is now the case, and therefore

these requirements are eritical to the proper operation of an array on a day to day basis. It can

be shown, for example, that the use of voltage sample monitoring at the base of the radiating

element has several profound advantages, although it may be appropriate to employ current

sample loops above the base of radiators taller than, say, 115 degrees, in addition to base

voltage samples.

A ConfIrfOce of Interested PIl1itt May Be Advisable

Because 1he matters suggeeted in the Notice of inquiry •• cornpCex, and because there may be

substantial differences of opink)n among qualified experts on medium wave antenna matters, a

conference or forum of interested parties would be a suitable procedure to develop specific

proposed rule changes for an NPRM.
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October 26, 1993

HATFIELD & DAWSON CONSULTING ENGINEERS, INC.
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